Our objectives were to determine the accuracy of antenatal sonography for the detection of congenital renal malformations and to characterize the type of malformations, seen in a 3-year prospective study at a university-affiliated maternity hospital. Participants were 31217 pregnant women, during the study period, and subjects were 65 fetuses in whom renal malformations were detected on antenatal ultrasound. Pelvic ultrasound scans were performed at least once between 20 and 37 weeks' gestation on all pregnant women attending the antenatal clink of the hospital for the detection of renal malformations. Fetal urinary sampling, diversion procedures, or termination of pregnancy were carried out as required hi those detected to have renal anomalies. Postnatal diagnosis was confirmed by sonography or autopsy. Diagnostic procedures and renal surgery were performed postnatally if indicated. Sixty-five fetuses (0.2 per cent) were diagnosed to have congenital renal malformation antenatally at a mean gestatlonal age of 28.4 weeks. A dilated urinary system was seen in 39, cystic renal disease hi 15, agenesis/hypoplasia in six, combined lesions hi four, and a horseshoe kidney hi one. Oligohydramnios was noted hi 20 (31 per cent) pregnancies. Multiple congenital malformations associated with renal anomalies were detected hi 12 pregnancies. Termination was carried out at 20 weeks hi two pregnancies for lethal malformations; fetal urinary sampling was done hi two fetuses with obstructed uropathy, and a veskoamniotic shunt inserted hi one. Postnatal ultrasound confirmed a dilated urinary system in 32, cystic renal dysplasia hi 15, renal aplasia/ hypoplasia in five, combined lesions in six, and a horseshoe and an ectopic kidney in one each. Five infants were found to be normal. There were seven stillbirths and seven neonatal deaths. RadlonucUde scans showed obstruction in nine, decreased renal function hi six, and absent renal functions hi 10 infants. Micturating cystourethrography demonstrated reflux hi 11 and a nonrefluxlng non-obstructive dilated renal system in five babies. Renal surgery was performed in nine Infants. The conclusions drawn from this study were that antenatal detection of renal disease is fairly accurate, even hi an extremely busy hospital and certain types of malformations reported in other studies were not observed, despite a large cohort.
Introduction
Renal malformations are the commonest congenital disorders. 1 Since the first cases of polycystic kidney 2 and obstructed uropathy 3 were detected by Garrett et ai, number of studies 1 ' 4 " 15 have been reported on the antenatal detection of renal malformations from developed countries. A few of these studies 5 " 7 ' 9 have suggested a poor correlation between antenatal findings and postnatal diagnosis. Due to the limitations of fetal sonography, abnormalities are often difficult to characterize. 4 This is compounded by the uncertainty about the role of fetal surgery and the prognosis of many abnormalities. 15 ' 16 The dilemma is made worse by parental anxiety and distress by the mere suggestion of fetal abnormality. 17 The aim of this study was to determine the accuracy of antenatal detection of renal malformations and to characterize the type of abnormalities seen in the subcontinent.
Materials and Methods
This prospective study was conducted between 1 November 1992 and 31 October 1995. Obstetric ultrasound scans were performed on 31217 pregnant women attending the antenatal clinic after 20 weeks of gestation using a Wipro RT 3200 A-2 B-mode, realtime, grey scale scanner and a 3.5 Hz transducer by experienced sonologists. A cohort of 64 pregnant women with 65 fetuses (one twin pregnancy with both fetuses affected) having renal tract anomalies with or without other associated congenital malformations was studied. If the initial scans were abnormal they were repeated at 4-week intervals. Amniotic fluid volume estimation was done at each examination. An amniotic fluid index (AFI) of £5 cm was considered significant oligohydramnios and an AFI S25 cm as polyhydramnios.
A counselling committee comprising an obstetrician, a neonatalogist, a sonologist, a nephrologist, and a medical social worker was formed to review each case and counsel the parents regarding antenatal interventions, termination of pregnancy, and postnatal prognosis. Termination of pregnancy was advised in the presence of lethal congenital malformations. Pregnancy was allowed to take its natural course if the parents refused consent for termination. Amnioinfusions and fetal urinary sampling were done, vesicoamniotic shunts were inserted after informed consent.
Antenatal bladder aspiration was done for fetal renal functions and vesicoamniotic shunts placed under ultrasound guidance if the fetal urine sample was found to be normal (Na £ 100mmol/l, Cl £ 90mmol/l, and osmolality ^ 210mOsmol/l. 19 Amnioinfusions were done only for diagnostic purposes to improve the quality of imaging.
The period of gestation, mode of delivery, birthweight, and resuscitation required at birth were noted. All live-born infants with renal malformations underwent a detailed physical examination by a neonatologist. Postnatal abdominal ultrasound scans were performed on all live-bom infants between day 4 and day 7 of life by a paediatric sonologist on a Philips SDR 1550 X P model using a 5 Hz tranducer. Autopsy was performed on all stillbirths and neonatal deaths. All live-bom infants with prenatal diagnosis of renal abnormality were subjected to radionuclide renal scans using technetium-labelled diethylene triaminopentacetic acid (DTPA) to determine renal functions. Micturating cystourethrography (MCU) was done to rule out vesico-ureteric reflux (VUR). Intravenous pyelography was performed if indicated. Renal corrective surgeries were performed on the advice of a paediatric urologist.
Renal malformations both antenatally and postnatally were categorized into five groups: dilated renal system; cystic renal disease; agenesis/hypoplasia of kidneys; combined lesions (both kidneys with different pathologies); and miscellaneous.
Results
A total of 31217 pregnant women were screened. Congenital renal abnormalities were detected in 64 women with 65 fetuses (one twin pregnancy with both fetuses having hydronephrosis). The mean gestational age at the time of diagnosis was 28.4 weeks (range 20-37 weeks). Four women came for their first antenatal visit at 37 weeks of gestation.
Antenatally, a dilated renal system was diagnosed in 39 fetuses, cystic renal disease in 15, renal agenesis/ hypoplasia in six, combined lesions in four, and a horseshoe kidney in one (Table 1) .
Polyhydramnios was noted in a woman with a fetus having polycystic kidneys with congenital diaphragmatic hernia and a single ventricle. Oligohydramnios was noted in 20 (31 per cent) mothers. Out of three cases of bladder outlet obstruction, two volunteered for fetal urinary sampling. One had urine with Na = 98mmol/l, Cl = 86mmol/l, and osmolality of 202mOsmol, while the other had urine with Na = 90 mmol/1, Cl = 84 mmol/ 1, and an osmolality of 210mOsmol. A vesicoamniotic shunt was inserted in the latter patient at 30 weeks of gestation under ultrasonographic guidance. The former refused consent for a shunt. Of seven women carrying fetuses with lethal congenital malformations, two volunteered for termination at 20 weeks gestation. One fetus had polycystic kidneys with congenital diaphragmatic hernia and single ventricle and the other had bilateral renal agenesis.
The mean gestational age at delivery was 37.1 weeks (range 34-40 weeks) and the mean birthweight was 2.8 kg (range 1.5-3.5 kg) in the 56 live-bom infants. There were seven stillbirths. Of the 63 women, 50 had spontaneous vaginal deliveries, two had assisted vaginal deliveries, and 10 underwent Caesarian section (seven for maternal indications and three for fetal distress). Ten live-bom infants required resuscitation (four by bag and mask and six by intubation). Out of the 56 live births, six babies died within 24 h of birth (five due to severe lung hypoplasia and one had associated hypoplastic left heart syndrome with an encephalocoele). The mean age at death was 5.5 h (range 2-22 h). All babies requiring intubation at birth died within 24 h (Table 2 ). Significant oligohydramnios was seen in 13 of the 16 infants who died. One infant with posterior urethral valves in whom a vesicoamniotic shunt was placed died at 24 days postnatal age of Escherichia coli septicaemia.
Postnatal diagnosis was confirmed by ultrasound in 50 infants and by autopsy in 15 infants (Tables 1 and 2 ). Normal renal scans were seen postnatally in four infants diagnosed to have bilateral pelvicalyceal dilatation with hydronephrosis and in one infant diagnosed to have unilateral hydronephrosis and hydroureter antenatally. One infant found to have hydronephrotic kidneys on antenatal scans showed multicystic kidney on postnatal scans. Combined lesions of multicystic dysplastic kidney and hydronephrosis were seen after birth in one infant in whom bilateral hydronephrosis was diagnosed antenatally. Bilateral non-obstructive hydronephrosis was detected on autopsy in a fetus when pregnancy was terminated for lethal congenital malformations with polycystic kidneys.
The overall diagnostic accuracy was 81.5 per cent. Antenatal diagnosis of renal malformation was confirmed postnatally in 60 (0.19 per cent) pregnancies. The male:female ratio was 3.3:1 (5.4:1 in the dilated renal system group).
Associated congenital malformations were seen in 12 (20 per cent) fetuses. Polydactyly was seen in five; single umbilical artery in four; ear anomalies in three; congenital heart disease, congenital diaphragmatic hernia, imperforate anus, and tracheo-oesophageal fistula in two each; and cleft lip-palate, encephalocoele, agenesis of corpus callosum, and cerebellar hypoplasia in one each.
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DTPA scans done on 27 infants with a dilated renal system showed pelviureteric junction (PUJ) obstruction in nine infants (unilateral, n = 7; bilateral, n = 2). Decreased renal function with no obstruction was seen in two babies with bilateral and one with unilateral hydronephrosis, two infants with hypoplastic kidneys, and in the hydronephrotic kidney of an infant with combined lesion of multicystic kidney with hydronephrosis. No renal function was observed in one infant with unilateral hydronephrosis and hydroureter and in all nine cases of multicystic displastic kidneys. Radionuclide scans could not be done in any of the three cases of posterior urethral valves (two lost to follow-up, one died of septicaemia).
Micturating cystourethrography (MCU) done in 12 infants with hydronephrosis and hydroureter showed unilateral vesico-ureteric reflux (VUR) in six (grade V in one, grade IV in two, grade ID in three) and bilateral reflux in one (grade ID in both kidneys). Non-obstructive non-refluxing hydronephrosis with hydroureter was seen in five babies, three of whom showed complete resolution over a period of 6 months. Of the nine cases of unilateral multicystic dysplastic kidneys, five showed a VUR (grade ID) into the contralateral kidney. Reflux (grade V) into the hydronephrotic kidney was also seen in an infant with combined lesion of hydronephrosis and multicystic dysplastic kidney. Intravenous pyelography demonstrated an aberrant vessel causing PUJ obstruction in one infant Surgery was performed in 15 per cent of the babies. Fulguration of PUV was done in two, unilateral pyeloplasty in five of seven infants with PUJ obstruction, and a two-phased bilateral pyeloplasty in one infant with bilateral PUJ obstruction at 3 and 6 months. Two babies with unilateral and one with bilateral PUJ obstruction showed spontaneous resolution by 6 months of age. A two-staged nephrostomy with re-implantation of ureter was done in the infant having combined lesions of hydronephrosis and multicystic dysplastic kidney.
Discussion
This prospective analysis is one of the largest screening programmes for the detection of renal malformations reported in the world literature, and the first from a developing country. The results can be considered as representative of the Indian subcontinent, as the hospital
Journal of Tropical Pediatrics
Vol. 44 August 1998 [0 With a hospital delivery rate of more than 10000 deliveries per annum, it is not possible to subject every newborn child to postnatal ultrasound for detection of congenital anomalies. A male preponderance has been reported, 23 but the male to female ratio of 3.3:1 in this study is higher than the 2:1 reported by the Northern Region Foetal Abnormality Survey 12 and the male to female ratio of 5.4:1 in the dilated renal system group is much higher than the 2.4:1 reported by the same study.
About 95 per cent of fetal kidneys can be identified on ultrasonography by 22 weeks of gestation. A number of renal anomalies can be missed, if only a single scan is done at 16-17 weeks of gestation. 24 The joint study group 25 on fetal anomalies recommends two scans: a dating scan at 16 weeks and an anomaly scan by 20 weeks. In our hospital, one obstetric ultrasound scan is done after 20 weeks gestation because of the workload and late antenatal registrations.
False positivity was seen in 8 per cent of the cases, which is similar to that reported by some 5 '" but low compared to the 55.3 per cent reported by Scott and Renwick. 12 All the false positive cases in this analysis had a hydronephrosis associated either with a pelvicalyceal dilatation or hydroureter. A mild obstruction or a VUR can resolve spontaneously with growth. Three infants with non-obstructive, non-refluxing hydronephrosis and hydroureters showed spontaneous resolution over a period of 6 months. This is possible due to the weaning influence of maternal hormones which cause smooth muscle relaxation. 9 Inaccurate diagnosis was seen in cases of hydronephrosis and cystic disease and in one case of ectopic kidney. Caution is to be exercised when prognosticating these anomalies. The overall diagnostic accuracy of 81.5 per cent in this study is comparable with that found in other studies. 8 '"
Antenatal interventions did not improve the overall outcome. Neither of the fetuses in whom antenatal procedures were carried out survived. No procedurerelated complications were observed, though a high rate of complications has been reported. 26 ' 27 Of the seven mothers with fetuses incompatible with life, two volunteered for termination. Cultural and religious beliefs prevented the others from giving consent for a termination despite a grave prognosis. Significant oligohydramnios and a need for intense resuscitation at birth indicated a poor outcome.
The variation in antenatal and postnatal diagnosis between obstructive and non-obstructive lesions of a dilated renal system prompted us to define the lesions antenatally according to the anatomical site of dilatation. This is justified by our observation of five false positive cases and five infants with non-obstructive, non-refluxing dilatations.
Combined lesions were seen in 10 per cent of cases. This is higher than reported by others."' 21 Arthur et a/. 28 have reported six cases of mixed lesions but have not defined the types. No case of solitary cyst, duplex kidneys, extrarenal pelvis, ureterocoele, or urethral atresia was detected in this study. Surgery was required by 18.4 per cent of the live-born infants. The need for surgery has been reported to be from 39 to 80 per cenL 5>21 ' 2i2S^O bstructive uropathy was seen in 20 per cent of the infants in the present study, whereas all other studies have reported a higher incidence. Moreover, we have reported a follow-up of 6 months only.
In conclusion, antenatal diagnosis of renal malformation is fairly accurate even in a very busy hospital. The type of renal anomalies seen in the subcontinent are no different from those reported from developed countries albeit that certain types of anomalies were not observed despite a large cohort. Most parents are reluctant to give consent for carrying out antenatal procedures and termination of pregnancy due to cultural and religious beliefs.
